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ABSTRACT
We have discovered a very radio-loud Narrow-Line Seyfert 1 candidate: PKS
2004-447. This Seyfert is consistent with the formal denition for NLS1s, al-
though it does not have quite the same spectral features as some typical members
of this subclass. Only ROSAT survey data is available at X-ray wavelengths, so
it has not been possible to compare this source with other NLS1s at these wave-
lengths. A full comparison of this source with other members of the subclass
will improve our physical understanding of NLS1s. In addition, using standard
calculations, we estimate the central black hole to have a mass of  5 106M.
This does not agree with predictions in the literature, that radio-loud AGN host
very massive black holes.
Subject headings: galaxies:active | galaxies:Seyfert | quasars:individual(PKS
2004-447)
1. Introduction
The radio-loud source PKS 2004-447, z = 0:24, was identied as a candidate Narrow-
Line Seyfert 1 (NLS1) from low resolution optical spectra of a subsample of quasars identied
in the Parkes Half-Jansky Flat-Spectrum Sample (?)(hereafter PHFS). The PHFS is designed
to eciently select radio-loud AGN by looking for flat or inverted radio spectra over the
range of 2.7 and 5.0 GHz. It contains 323 radio bright (> 0:5Jy at 2.7 GHz), generally
compact radio sources. Higher resolution spectroscopy of this object was obtained giving
more accurate velocity widths of the emission lines indicating this may be an NLS1 but
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more accurate spectroscopy is still needed to be able to clearly separate the broad and
narrow components of H. In any case this object has very interesting implications to the
study of AGN.
NLS1s are generally considered to be an extreme but common subclass of AGN. They are
dened by their optical emission line properties, such that the H line is both strong (with a
flux ratio [O III]/H < 3, similar to Seyfert 1 galaxies) and narrow (the HFWHM < 2000km
s−1) (?). These properties are correlated with strong Fe II emission and a strong soft X-ray
excess, amongst other properties, for most objects in the subclass. NLS1s do not appear
to form a distinct class but are instead connected to the \standard" broad-line Seyfert
population through a continuum of properties. ?) have shown that NLS1s cluster at one
end of the region dened by the rst principal component described in their study of the
optical spectra of 87 low-redshift BQS quasars. The rst principal component is thought
to describe the major physical property in quasar structure that is responsible for spectral
dierences between AGN, independent of orientation. ?) suggest that the physical parameter
driving this eigenvector is _M= _MEdd, where _M is the rate of mass accretion onto the central
massive object. NLS1s are thought to be accreting at a rate closer to the Eddington limit
( _MEdd) (??). NLS1s are generally radio-quiet objects, with only three previously identied
radio-loud objects, PKS 0558-504 (?), RGB J0044+193 (?) and J0134.2-4258 (?). ?) nd
that radio-loud QSOs and the NLS1s (with a strong, soft X-ray excess) lie at opposite ends
of the primary eigenvector.
Although the criteria for NLS1s are well dened, it is unclear whether these phenomeno-
logical attributes reflect a single underlying physical mechanism. Thus the discovery of a
very radio-loud NLS1 may indicate that the observational denition of NLS1s requires re-
nement. Alternatively, radio-loud NLS1s may provide a more stringent test of the models
of NLS1s. Three important consequences of the identication of a radio-loud NLS1 will be
considered. Firstly, are the radio-loud NLS1s the same class of objects as most others in the
class. Secondly, are radio-loud NLS1s consistent with any of the popular models for NLS1s
and thirdly, do radio-loud quasars require large mass black holes. This object challenges
that assertion as is further discussed in section 4
In section 2, we present the observational data on PKS 2004-477. In section 3, this
object is compared to the three other radio-loud NLS1s which have been identied. The
central black hole mass is determined using standard techniques in section 4, and possible





PKS 2004-447 was rst identied as a NLS1 candidate from a low resolution spectrum
obtained using the RGO/FORS spectrograph at the AAT in 1984 and published in ?).
A higher resolution conrmation spectrum was taken using the double beam spectrograph
(DBS) on the ANU 2.3m telescope, 1st August 2000, and is shown in Fig 1. The conditions
were not photometric. The spectrum was reduced using standard procedures in the IRAF.
The spectrum has a resolution of 2:2A.
Typically, in NLS1s, Fe II emission contaminates the spectrum making accurate mea-
surements of H and [O III] dicult. In order to account for this and to get an estimate on
the strength of the Fe II emission in this object we employed the Fe II subtraction method
introduced by ?) and now commonly used. We use a template Fe II spectrum taken from the
prototype strong Fe emitter I Zw 1 and scale it and shift it until the width and intensity match
those seen in our object. We did this over the region 5050-5500A using a 2-minimisation
to get the best value for the scaling. We nd that this spectral region contains very little
Fe II emission with an equivalent width EW< 10A for the whole Fe II complex in the region
5050-5450 A. Compared to values measured in ?), this is extremely low (although we are
tting a slightly dierent region of the Fe II spectrum). We measured the line widths and
fluxes using Lorentzian ts to the emission lines and the results are summarised in Table
1. The width of HFWHM = 1447km s
−1and the flux ratio [O III]/H = 1:6, t the crite-
ria for classication as a NLS1. The DBS spectrum does not extend to wavelengths of the
Fe II(4570) lines. However the previous low resolution spectrum indicates Fe II emission in
the region 4435-4700 A, blueward of the H line (Fig 2). The low resolution spectrum also
shows strong H and evidence for Hγ emission and it also indicates that the stregth of the
H emission, relative to [O III] has varied between the two epochs.
PKS 2004-447 is also optically variable. The magnitude of this object measured from
the COSMOS/UKST Southern Sky Catalogue is BJ = 18:1, while more recent photometry
obtained on the ANU 2.3m telescope gave B = 19:5 (?), indicating a drop in flux by a factor
of  4 over an interval of several years. Simultaneous optical/IR photometry are shown in
Fig 3. The continuum is very red and there is no evidence of a big blue bump. The absolute
magnitude is between -19.0 and -21.2, for q0 = 0:5 and H0 = 100, clearly placing this in the
Seyfert luminosity class.
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Fig. 1.| Rest frame, medium resolution spectrum of PKS 2004-447 from the DBS on the
2.3m telescope at the Siding Springs Observatory, showing the H and [O III] region (top)
and the best-t rescaled Fe II spectrum shown below it.
Table 1: Equivalent widths of the emission linesa
H (4861) O III (4959) O III (5007)
FWHM(km s−1) 1447 951 754
flux relative to H 1.0 0.61 1.61
EW (A) 31.6 19.6 50.6
Oset (km s−1) +28 −78 0
aMeasured from the spectrum in Fig 1; details are described in the text.
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Fig. 2.| Low resolution spectrum of PKS 2004-447 from RGO spectrograph on the AAT.
